INTRODUCTION {#sec1-1}
============

Hypertension and congestive heart failures are becoming epidemic throughout the world. In 2000, nearly one billion cases of the adult population of the world had hypertension\[[@ref1]\] and more than 20 million people were affected with heart failure.\[[@ref2]\] In the last three decades, several intensive efforts have been conducted into researching the antihypertensive therapeutic values of local plants and as compared to allopathic treatment, medicinal and bioactive plants have become a vital resource for the treatment of heart problems. Almost 80% of the world population use natural medicines, largely in developing countries, because of their better acceptability with human physiology and lesser side effects.\[[@ref3]\] Therefore, to control blood pressure and heart failure diseases without any side effects is increasing demand for natural products in health care system.

Quercetin glycosides \[[Figure 1](#F1){ref-type="fig"}\] are found in citrus fruit, buckwheat and onions, and preliminary studies proved its potential therapeutic qualities and lesser side effects.\[[@ref4][@ref5][@ref6][@ref7]\] The use of this glycoside to inhibit the function of angiotensin-converting enzyme (ACE) by virtual screening is an important consideration. Computational and bioinformatics tools have become very important resource to identify the potential targets for various ligands.\[[@ref8]\] Using these virtual tools, we analyzed to find quercetin as a good ACE inhibitor.

![Quercetin glycosides](PM-11-123-g001){#F1}

Angiotensin-converting enzyme is secreted in the lungs and kidneys by cells in the endothelium of blood vessels, and it is the part of the renin-angiotensin system (RAS). It indirectly increases blood pressure by causing blood vessels to constrict by converting angiotensin-I to angiotensin-II. For this reason, ACE is an ideal target for controlling blood pressures and heart failures,\[[@ref9]\] and synthetic compounds are being used as ACE inhibitors to treat heart problems. These inhibitors inhibit the conversion (angiotensin-I to angiotensin-II), dilate the blood vessels and control the blood pressures.

It has been found that there are no reports of ACE inhibition of quercetin glycosides and the conformation of binding of these glycosides with ACE has not yet been observed. In this study, the structural model of the quercetin in ACE has been performed, which may expedite further development of more natural ACE-inhibitors to control heart problems.

MATERIALS AND METHODS {#sec1-2}
=====================

Accession of target protein {#sec2-1}
---------------------------

The three-dimensional structure of ACE (PDB: 1O86) was downloaded from the RCSB protein Data Bank.\[[@ref10]\]

Ligand selection {#sec2-2}
----------------

The chemical structure of quercetin glycoside was obtained from PubChem compound database. It was prepared by ChemBioDraw and MOL SDF format of this ligand was converted to PDBQT file using PyRx tool to generate atomic coordinates.

Target and ligand optimization {#sec2-3}
------------------------------

For docking analysis, PDB coordinates of the target protein and quercetin molecule were optimized by Drug Discovery Studio version 3.0 software and UCSF Chimera tool, respectively (adding missing residues). These coordinates had minimum energy and stable conformation.

Analysis of target active binding sites {#sec2-4}
---------------------------------------

The active sites are the coordinates of the ligand in the original target protein grids, and these active binding sites of target protein were analyzed using the Drug Discovery Studio version 3.0 and 3D LigandSite virtual tools.\[[@ref11]\]

Molecular docking analysis {#sec2-5}
--------------------------

A computational ligand-target docking approach was used to analyze structural complexes of the ACE (target) with quercetin glycoside (ligand) in order to understand the structural basis of this protein target specificity. Initially, protein--ligand attraction was investigated for hydrophobic/hydrophilic properties of these complexes by Platinum software web server.\[[@ref12]\] Finally, docking was carried out by PyRx, AutoDock Vina option based on scoring functions. The energy of interaction of quercetin glycoside with the ACE is assigned "grid point." At each step of the simulation, the energy of interaction of ligand and protein was evaluated using atomic affinity potentials computed on a grid. The remaining parameters were set as default.

RESULTS AND DISCUSSION {#sec1-3}
======================

The minimum binding energy indicated that the ACE protein (target enzyme) was successfully docked with quercetin glycosides \[[Table 1](#T1){ref-type="table"}\]. The possible binding modes of quercetin at ACE active sites have been shown in [Figure 2](#F2){ref-type="fig"}. ACE protein residues Arg 124, Tyr 135, Ile 204, Ala 208, Glu 216, Tyr 215, Glu 96 was formed H-bond with quercetin ligand molecule. Quercetin showed relatively good binding affinity as compared to enalapril as standard which showed minimum binding energy of −7.0 kcal/mol.

###### 

Energy and RMSD values obtained during docking analysis of quercetin as ligand molecule and ACE as target protein

![](PM-11-123-g002)

![Potential binding sites of angiotensin-converting enzyme: Arg 124, Tyr 135, Ile 204, Ala 208, Glu 216, Tyr 215, Glu 96](PM-11-123-g003){#F2}

Angiotensin-converting enzyme, angiotensin I and angiotensin II are part of the RAS, which controls blood pressure by regulating the volume of fluids in the body. ACE is secreted in the lungs and kidneys by cells in the endothelium (inner layer) of blood vessels.\[[@ref9]\]

It is responsible for conversion of angiotensin I to angiotensin II that is a potent vasoconstrictor and its inhibition results in the decreased formation of angiotensin II and decreased metabolism of bradykinin, leading to systematic dilation of the arteries and veins and a decrease in arterial blood pressure.\[[@ref13][@ref14]\]

Angiotensin-converting enzyme inhibitors reduce the activity of the renin-angiotensin-aldosterone system as the primary etiologic (causal) event in the development of hypertension.\[[@ref15]\] The research on potential ACE inhibitors is expanding broadly, and most are focused on natural product derivatives such as peptides, polyphenolics, glycosides, and terpenes.

Angiotensin-converting enzyme inhibitory drugs are first-class therapeutics since decades. Captopril, lisinopril, enalapril, and ramipril are some examples for drugs targeted as ACE inhibitors. However, the prolong use of the drugs could initiate adverse side effects such as dizziness, coughing, and angioneurotic edema. New alternatives have been explored extensively as replacements of these drugs. Most of the researches have been targeted at bioactive compounds from natural resources.\[[@ref16]\] Anthocyanins delphinidin- and cyanidin-3-O-sambubiosides from *Hibiscus sabdariffa* was studied for ACE inhibition.\[[@ref17]\] In 2009, Charles *et al.* reported naturally occurring glycosides as ACE inhibitors.\[[@ref18]\] Quercetin is the aglycone form of a number of other flavonoid glycosides, such as rutin and quercitrin, found in citrus fruit, buckwheat and onions. Quercetin forms the glycosides quercitrin and rutin together with rhamnose and rutinose, respectively.\[[@ref19]\]

The distribution of hydrophobic/hydrophilic properties of ACE and its binding site projected onto the surface of the quercetin, and it has been observed that aromatic groups are less hydrophilic. These stacking interactions are used to rank the molecular docking and matching between target and drugs. Considering hydrophobic properties of these interacting molecules (ACE protein target and quercetin) using the concepts of the molecular hydrophobicity potential was calculated.\[[@ref20]\] These hydrophobicity maps are used to analyze the progress of hydrophobicity clusters on the membrane surface along the molecular dynamics run and the features of interface between the membrane and membrane-binding molecule \[[Figure 3](#F3){ref-type="fig"}\].

![Visuals where 3-windows show the distribution of hydrophobic/hydrophilic properties of angiotensin-converting enzyme in X-ray position (left) and exerted by protein surroundings (middle), and their complementarity (right). The screenshot was produced using the online visualization Jmol applet as implemented in the PLATINUM web-service](PM-11-123-g004){#F3}

The docking of ACE target with quercetin using docking procedure revealed that all the computationally predicted lowest energy complexes of ACE are stabilized by intermolecular hydrogen bonds and stacking interactions. It is found that A, SA, OA, HD, *N* are the ligand atoms involved in docking with the enzymes. The AutoGrid model presented the most energetically favorable binding mode of quercetin to ACE. The quercetin as ligand is docked into the generated combined grids and the root mean square deviation (RMSD) from native pose and the binding energy are evaluated, and it is observed that the weight averaged grids performs the best. The ligand showed the best interaction with target proteins based on the RMSD values as compared to standard. Beside RMSD clustering, AutoDock Vina has also calculated the binding free energies of these interactive molecules to find the best binding mode. The calculated final docked energies for quercetin is −8.5 kcal/mol \[[Figure 4](#F4){ref-type="fig"}\] and for enalapril (standard) is −7.0 kcal/mol \[[Figure 5](#F5){ref-type="fig"}\]. Docking results revealed that this quercetin compound can enter the substrate-binding region of the active site. Finally, the results demonstrated clearly that quercetin accurately interact with ACE protein target.

![Visuals of docking interaction steps of quercetin ligand molecule. (a) The AutoGrid dimensions between ligand and angiotensin-converting enzyme target protein atoms (A, HD, OA, and N) are: grid center X: 18.0175, Y: 23.2912, Z: 13.5997 with dimension (Angstrom) X: Y: Z: 25.000. (b) Confirmation and pose of quercetin ligand molecule with a protein target and binding site atoms of angiotensin-converting enzyme amino acids residues around ligand](PM-11-123-g005){#F4}

![Docking procedure of enalapril as a standard ligand. (a) The AutoGrid dimensions between ligand and angiotensin-converting enzyme (ACE) target protein are: grid center X: 13.0161, Y: 19.2901, Z: 11.0499. (b) Confirmation and pose of enalapril with ACE protein target with binding affinity of − 7.0 kcal/mol](PM-11-123-g006){#F5}

CONCLUSION {#sec1-4}
==========

Docking studies of the quercetin glycosides with ACE showed that this ligand is good molecule which docks well with ACE target. Therefore, quercetin molecule plays an important play role in inhibiting the conversion of angiotensin I to angiotensin II to regulate the blood pressure.
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